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PLATES 6 To 14.
(Received for publication, February 14, 1922.) In the early reports (1) of periarteritis nodosa there occurs considerable discussion as to whether or not the lesions constitute a disease per se or represent a peculiar invasion of the vascular structures either by the "virus of syphilis" or by certain known microorganisms. The subsequent opportunities of study, however, have as a whole established it as a specific infectious disease of unknown etiology exhibiting a selective affinity for the vascular system, to which the essential lesions are confined. The disease is characterized especially by entrance of the injurious agent into the periarterial tissues, and the adventitia and media of the smaller arteries, leading to acute exudation and subsequent degenerative changes. The process may extend in the intima, causing rupture of the elastic lamina and the formation of multiple true aneurysms, extensive thrombosis or actual vascular rupture with hemorrhagic extravasation, or false aneurysmal formations. Moreover, signs of chronic inflammation associated with proliferative or reparative changes are present in certain of the vascular lesions.
The literature on periarteritis nodosa contains descriptions of the pathology and of the symptoms of the disease and little reference to the etiology regarding which the main reference is to syphilis. Trepo.e.m pa/l/Aum has been looked for diligently in tissues stained by the Levaditi method, but in no instance has it been detected. Other bacteria too have usually not been found. It is true that Babes and Mironescu (2) descn"oed diplococci and streptococci in the arterial lesions, but they report also an instance of syphilitic aneurysm of the aorta in which diplococci were detected. Although cited as a demonstration of the occurrence of streptococci in the lesions, these authors apparently do not regard the condition of periar teritis nodosa as present 219 in their specimens. Longcope (3) observed "a few groups of cocci in chains" in specially stained preparations of the kidney tissue distinct from the nodules; and absent from other involved organs.
The bacteriological investigations included blood cultures made during life and cultures at autopsy from the heart, pericardlal cavity, gall bladder, peritoneal cavity, and the nodular lesions themselves. Beitzke's (4) intra vitam blood cultures were negative. Baehr's (5) and Manges and Baehr's (6) aerobic and anaerobic cultures made from blood during life and nodules excised at operation were also negative. Lamb (7) studied two cases and isolatedvarious microorganisms from different organs and a streptococcus from a nodule. He inoculated, with negative results, with portions of the nodules and the streptococcus a number of guinea pigs, rabbits, and a monkey. Klotz (8) studied two cases and obtained Staphylococcus aureus, B. proIeus, streptococci, and a diphtheroid bacillus from the heart's blood, bile, subcutaneous nodules, and the liver. He injected streptococci about the periarterial tissues • orlymph spaces and induced certaJn lesions which he specifically states were not those of periarteritis nodosa.
The observations of yon Hann (9) are more important. He injected intraperitoueally into two guinea pigs the blood of a proven case. The animals showed no evidences of the disease but died after 8 weeks. The heart's blood of these animals was injected into other guinea pigs and an organ emulsion, prepared from these animals, was injected into other guinea pigs. The second series of guinea pigs showed microscopic changes in the smaller arteries of organs and a disseminated inflammatory lesion of the adventitla and media of different arteries. Von Harm concludes that periarteritis nodosa is a specific infectious disease due to an unknown etiological factor present in the circulating blood and capable of inducing inflammatory changes in the walls of the blood vessels of guinea pigs.
H u m a n Material.
The material employed in t h e present study was derived from a typical case of periarteritis nodosa admitted into the Charity Hospital of New Orleans on March 28, 1921. The patient was a colored male laborer, 32 years of age, a native of Louisiana. He had become ill 1 week before admission, suffering from general weakness, pain in the epigastric area and lower abdomen, and vomiting. The general physical examination with the exception of the abdominal tenderness was negative. The temperature chart showed an occasional rise above normal from 99-100°F. The pulse ranged from 80 on date of admission to 112 shortly before death. The respirations varied from 20 to 32. The Wassermann reaction was negative. The leucocytic counts ranged from 10,000 to 16,600 and the neutrophils from 71 to 80 per cent. Only one urinalysis is recorded, which was negative.
Rad~ological examination of the alimentary tract showed hyperperistalsis of the stomach, and pyloric spasm and hypermotility of the duodenum. Death occurred on April 29.
The autopsy was performed 72 hours after death. The body had been kept in the refrigerator at approximately 0°C. Only the anatomical structures showing pathological changes are described.
Peritoneal Cavity.--The coils of the small intestine are found adhered on the right side to a mass about the size of a cocoanut, consisting of a blood clot surrounding the right kidney. Another large clot is present beneath the omentum, and numerous more recent smaller clots between the coils of the intestines.
Stomach.--The gastroepiploic artery presents two large fusiform aneurysmal dilatations measuring respectively on cross-section 1.5 and 2 cm. in diameter. At about the middle of this vessel is a small branch which also shows a small nodule. In two of the nodules on cross-section there is a more or less.pale red crescentic mass which on serial sectioning becomes smaller and finally disappears as the normal portion of the vessel is reached.
Kidneys.--When the previously described large blood mass is removed, the source of the hemorrhage can be traced to a ruptured aneurysmal sac within the outer portion of the cortex of the right kidney. The external surface of this kidney presents multiple bizarre shaped areas of mottled red and buff color. These areas are composed of arboriform injected vessels, some of which have ruptured, giving rise to petechial extravasations. Some areas contain pale centers and suggest infarcts. The sectioned organ (Fig. 1) shows extensive pathological changes. Numerous more or less rounded nodules from cream-white to garnet color and varying from 2 ram. to 1.5 cm. in size are found scattered throughout the kidney but are most prevalent in the cortical portion and the columns of Berfin. Upon serial section they terminate abruptly in the original vessel from which they arise and which in certain instances is so small as to be visible with difficulty or only with the hand lens. With the exception of the blood clot, the left kidney presents the same condition buC to a less degree.
Heart.--The heart weighs 480 gm. Scattered irregularly along the course of the coronary arteries and their rami are found multiple discrete nodosities varying in size from 2 to 6 ram. which present the appearance of partially filled pea-pods. They are for the most part of a yellow or tan color but a few are mottled with deep red and still others are entirely red. Upon section the nodules show irregular lamellations of dirty white and red color. Like those of the kidney they terminate abruptly and in some instances the vessel with which they are connected is found with difficulty.
Brain.--There are present a few small areas of sclerosis in the vessels of the circle of Willis. Neither these nor the other vessels of this organ, however, show the nodular changes described in the other organs.
Microscopic Examination.
Besides the structures presenting gross lesions, certain arteries in the liver and afferent arteries to the mesenteric lymph nodes present the microscopic changes of periarteritis nodosa.
The lesions may be classed into three groups: (I) the inflammatory reaction, or injury present in the vessel walls; (2) the resultant vascular lesions arising from those of the first group, namely ,aneurysms both true and false, thrombosis, and actual vascular rupture with hemorrhage; and (3) retrograde lesions occasioned in the parenchymatous structures or other tissues through the impairment of blood supply of these parts chiefly because of the lesions of the second group.
In the first group the changes are present especially in the adventitia and media. Varying appearances are observed. In some vessels they are purely periarterial and adventitial lesions showing polymorphonuclear neutrophils and fibrin. In other arteries this process is associated with a zone of necrosis in the media, forming at times a complete ring extending well down to the intima with fragmentation of the elastic membrane. In still other vessels the acute cellular and fibrinous exudate extends through the media down to the subendothelial layer (Figs. 2 and 3) . At times the ceils in the outer vessel area consist of lymphoid or plasma cells and eosinophils. In still other vessels cellular elements are absent and only necrosis of the media is found. Occasionally in these various lesions detachment of the endothelial cells or proliferation of these cells or of the subendothelial structures is noted. The proliferative processes are, however, especially present in the dilated arteries in which thrombosis and aneurysm formation have occurred. The lesions of the second group resulting from those of the first group consist of aneurysms both true and false, and thrombosis and hemorrhagic extravasations. In them the inflammatory cellular elements are usually absent but when present they consist especially of lymphoid and plasma ceils. The third group is formed by the lesions of the tissues resulting from the previous pathological processes. They are all of retrograde character and dependent upon the deprivation of the blood supply or the result of pressure from the hemorrhagic outbursts. Different kinds of degeneration, including necrosis with karyorrhexis or karyolysis, are found in the structures in which interference with the blood supply has been produced; and numerous infarcts of different sizes occur.
The gross and microscopic lesions demonstrate the existence of the peculiar pathology of the arteries characteristic of periarteritis nodosa. From the gross standpoint, the greatest intensity of the process is in the vessels of the kidneys. The branches of the renal arteries present extensive aneurysmal formations and multiple thrombosis (Fig. 1) . The rupture of one of the renal aneurysms through the cortical substance and capsule permitted the extensive hemorrhage, the immediate cause of the death of the individual. The proportionately large size of the aneurysmal dilatation of even the very small arteries, for example the vasa recta, is very striking; from a microscopic artery an aneurysm 1.5 cm. in diameter may ensue. Very large nodules are also present in the gastroepiploic artery. These lesions are more fusiform in shape than the nodules in the other situations. The lesions of the coronary arteries and their branches are multiple but are more uniform and smaller in size. The liver while presenting no gross pathological change shows lesions of the first group present in a few of the interlobular arteries. Microscopic changes are also present in certain of the arteries supplying the mesenteric lymph nodes.
Transmlssion Experiments.
Experiment l.--After searing the organs the gross lesions of the kidneys consisting of several nodules of various types and sizes were dissected out with sterile instruments and fragments cultured in plain, glycerol potato blood, dextrose agar, and L6ffIer's blood serum. No growth was detected after 1 week. Portions of the nod-ules were ground in a sterile mortar in sterile normal saline solution and after the coarser particles sedimented out, 2 cc. of the finer emulsion were iniected into the ear vein of two full grown rabbits, A and B. Rabbit A died 2 months later.
Autopsy of Rabbit A showed gross lesions in the liver only. They consisted of a hemorrhagic nodule on the u~der surface, measuring 2 mm. in diameter, and of several diffuse hemorrhagic extravasations beneath Glisson's capsule and extending into the organ. Two small infarct-like areas were noted.
Under the microscope the lungs show thinning and rupture in places of the alveolar walls and a marked thickening of the musculature of certain arteries with here and there a perivascular invasion of cells of the lymphoid and eosinophilic types which affect only one portion of the vessel's circumference and extend slightly into the adventitla.
The liver shows marked accumulations of lymphoid, polymorphonuclear, and eosinophiUc ceils in the portal spaces, chiefly about the interlobular artery penetrating to the media, and within the connective tissue. Inside the Iobules are occasional sm,|ler clusters of polymorphonuclear neutrophil and lymphoid cells. In certain of the affected arteries the walls show degeneration of the media and dilatation and thrombosis formation (Fig. 7) . The cells of the liver itself show parenchymatous and fatty degeneration.
In the heart an occasional artery is to be seen with extensive necrosis of the outer portion of the media in which are a few polymorphonuclear neutrophillc and lymphoid cells. Fatty degeneration of the myocardium also occurs.
Aside from marked cloudy swelling the kidneys show no changes. Rabbit B was killed 18 days later after drawing blood from the heart for inoculation and cultural purposes. The aerobic, anaerobic, and Smith tissue cultures remained sterile. Only the liver shows a few small hemorrhagic extravasations to the naked eye.
Under the microscope, on the other hand, the arteries of the lung show marked hypertrophy (Fig. 8) and, in some, proliferation of the subendothelial layers producing nodules which protrude into the lumen. The adventitia about certain arteries contains cells, chiefly eosinophilic (Fig. 8) and fewer lymphoid and plasma ceils.
The portal tracts show accumulations of lymphoid cells and proliferation of connective tissue cells, especially marked about the arteries although occurring diffusely also (Fig. 9) . The media of some vessels is degenerated and the vessels are ruptured, leading to hemorrhage into the tissues (Fig. 13) .
Experi~nf. 2.--Portions of the kidneys, liver, and heart of Rabbit B were removed, macerated with sterile normal salt solution, and 2 cc. of the supernatant fluid were injected into the ear vein of two full grown rabbits, C and D.
Rabbit C died 1 month after the inoculation. At autopsy only an occasional hemorrhage is seen in the liver.
Under the microscope the lung arteries show dense nodules of polymorphonuclear neutrophil cells situated especially in the adventitia, some of which extend into the media (Fig. 6) . In certain vessels destruction of the outer coat and media and cellular infiltration extending to the intima are present.
Rabbit D died 6½ months after the inoculation. At autopsy no gross lesions are found.
Microscopic examination of the lungs shows some arteries with greatly hyper. trophied walls about which are a few lymphoid cells.
In the liver the interlobular arteries show necrosis of the media, dilatation, and cellular invasion of lymphoid ceils. The portal veins in some areas are dilatated and surrounded with hemorrhages.
The kidneys show congestion of vessels and exudation of serum between Bowman's capsule and the glomerular tufts.
Experiment 3.--Rabbit E was injected into the ear vein with 2 cc. of a filtrate prepared from the organs of Rabbit B of Experiment 1 killed 2 months and 18 days after inoculation with the human nodules. The filtrate was prepared from the liver, spleen, and kidney, the suspension being passed through a Berkefeld filter N. This rabbit died 3 months later and showed the most typical lesions of all the anita,s studied.
The lungs present small hemorrhages, on the pleural surface especially. In the right lung are two round nodular masses of a deep red color (Figs. 4 and 5) . One of these nodules, measuring 4 mm. in diameter, is protruded from the anterior surface, while the other, measuring 3 rarn~, is located on the posterior surface. They show no intermediate connection. Near the hilum of the left lung are two small gray glistening nodules measuring approximately 1 ram.
The vessels of the heart were followed throughout their course, but no lesions were visible to the naked eye.
The surface of the liver beneath the capsule shows several small irregular hemorrhages. On section the organ shows small dilated vessels containing thromhi here and there.
The pulmonary arteries show under the microscope striking lesions. In some the adventitia contains many polymorphonuclear neutrophlls and in others theinfiltrating cells extend into the intima, and necrosis of the media (Figs. 10 and 11 ) is present. In many other arteries there occur also nodular and circumferential periadventitial accumulations of neutrophils, eosinophils, and lymphoid and plasma cells which often extend as far as the intima (Figs. 14 to 17) . Rupture of the artery in the human ease leading to false aneurysmal formation (changes of the second group) is represented by these lesions which are evident to the naked eye (Figs. 4 and 5) . Pneumoulc inflammation of the organ is absent.
In the liver the interlobular branches of the hepatic artery exhibit varying lesions. As compared with the human case we can distinguish of the first group polymorphonuclear neutrophilic and lymphoid cells and degeneration and necrosis of the media. Of the lesions of the second group the organ shows necrosis with dilatation of the arterial wall with aneurysm formation and rupture and hemorrhage (Fig. 12) . Of the lesions of the third group are noted degeneration and necrosis of areas adjacent to the aneurysm and hemorrhage.
The arteries of heart and of the kidneys show occasional periarterial szlventitial nodules. A consideration of the experiments, excluding the incomplete one, No. 4, shows that gross lesions consisting of aneurysms and hemorrhages occurred in the liver and lungs of many of the rabbits. Those most typical (Figs. 4 and 5 ) appeared in the lung of a rabbit injected with a filtrate obtained from an animal previously injected with the emulsion of the human nodules. In all the rabbits microscopic changes of some degree of intensity resembling those occurring in periarteritis nodosa of man existed. They consisted of infiltrations of the adventifia and media and even of the intima with cells of different types--neutrophils, eosinophils, and lYmphoid and plasma cells. Coincidentally, degeneration and necrosis of the media, dilatation of the vascular lumen, and thromboses occurred. The infima showed proliferative changes. The veins were only exceptionally affected.
DISCUSSION.
Von Haun (9) produced injury to the arterial walls in the guinea pig by injecting blood from a case of periarterifis nodosa during life, thus demonstrating the presence of an active agent even though culture studies of the blood yielded negative results. Von Haun did not pass the blood through a filter, but he observed that the effects in animals of the second series were greater than in the first, and the inoculations proved fatal in them in 2 to 3 months. Our most pronounced results also were obtained with a second series of rabbits. The filtrate employed for inoculation yielded no microorganism. Hence the active agent may be regarded as a filter passer--through Berkefeld filter N.
The disease periarteritls nodosa, because of its rarity and infrequent recognition during life, has afforded a small field for experimental study. Among 54 reported cases, less ~han one-fourth record evidences of search for an etiological agent, and among these in only four instances, including the present case, has transmission of the disease to animals been attempted. However, the hardened tissues have afforded opportunity for the application of special stains for bacteria and Treponema pallidum; but all cases so studied have given wrLLI~ H. HAP.~IS AND ANDm~W V. F~ED~CHS negative results. Although Treponema paUldum has been excluded the majority of observers have concluded that the affection is an infectious disease. Indeed, it seems unlikely that syphilis, which occasions such frequent vascular injury, should so rarely present the lesions characteristic of periarteritis nodosa. We believe that the experiments reported in this paper constitute additional evidence for eliminating Treponema pallidum as the inciting cause of periarteritis nodosa.
The pathological character of the gross and microscopic lesions suggests a specific inciting agent. It is probable that the microorganism, aside from its selective affinity for the vessel walls, produces an injury of a nature such as to induce the formation of aneurysms and thrombi. Other vascular lesions occurring in man and produced experimentally in animals by various known microorganisms do not present these characters; of them many are exudative, degenerative, and proliferative in nature, but the peculiar pathology of periarteritis nodosa, so clear-cut and readily discerned, is wanting. Thus multiple mycotic aneurysms (10), Charcot's multiple miliary aneurysms of the cerebral arteries, and various infectious lesions of the arteries (11) have no real analogy to periarteritis nodosa; while the arterial lesions produced in animals with the streptococcus and other microorganisms by Klotz (8, 12) , Boinet and Romary (13) , and other~ are distinct from those of periarteritis nodosa. Duval (14) described certain vascular changes in the arteries of rabbits due to Bacillus mallei, but neither thrombosis nor aneurysm occurred. In experimental typhus fever in the guinea pig 01itsky (15) described a "periarteriolitis nodosa" previously observed by Nicol which is of interest here in that hemorrhagic extravasations arise and the etiological agent is said to be filterable.
Various opinions have been held as to the manner of invasion of the microorganism in periarteritis nodosa. As our inoculations were made intravenously, the infectious agent was placed directly into the blood stream. Hence it appears probable that it is introduced in the outer vascular coats ~a the vasa vasorum or the perivascular lymph spaces. It is undecided whether the initial injury arises in the media or the adventitia. That the blood is capable of conveying the agent is borne out also by the experiments of ,con Haun (9) who employed the blood derived from the vein of a living case for his animal inoculations.
In the reports of Adler (16), Hill (17) , and Pearce (18) upon studies of the arterial system of normal rabbits no lesions suggestive of periarteritis nodosa are recorded. Lfipke (19) and Jaeger (20) , however, describe a spontaneous disease in stags apparently identical with periarteritis nodosa of man. The possibility of the lower animal being the natural host for this virus is therefore to be considered.
CONCLUSIONS.
1. Periarteritis nodosa is a specific infectious disease which is transmissible to the rabbit.
2. The lesions induced in rabbits are identical with those occurring in man and consist of exudative and degenerative processes within the walls of the smaller arteries resulting in aneurysmal formations and thromboses.
3. The microorganism inducing the disease is capable of going through a Berkefeld N filter and is therefore to be classed with the group of so called filter passers. Where the section has not traversed the aneurysm the nodular aspect can be appreciated. PLATE 7.
FIG. 2.
Photomicrograph of an area in the kidney demonstrating lesions in the two arteries, one cut obliquely and the other transversely. The obliquely sectioned artery shows an inflammatory nodule involving the upper end of the artery and. diffusing into the periadventitial tissues; extensive necrosis of a branch and also of the lower end of the artery proper is present. In the lower edge of the picture the artery cut transversely shows extensive necrosis down to the intima with no inflammatory reaction. Between these arteries is seen another artery not involved.
Fro. 3. Photomicrograph showing a higher magnification of the inflammatory nodule present at the upper end of the obliquely cut artery in Fig. 2 . The involvement of the intima is shown. P I~ 8.
FIGS. 4 and 5. Photographs of the nodules present on opposite surfaces of the lung Of Rabbit E, inoculated with a filtrate derived from the organs of Rabbit B. Fro. 12. Section of the liver of Rabbit E, inoculated with a filtrate of the organs of a first generation rabbit, showing arterial necrosis and aneurysm formation with rupture and hemorrhagic extravasation into the liver tissue and beneath Glisson's capsule.
FIo. 13. Section of the liver of first generation Rabbit B, showing hemorrhagic extravasation into the surrounding tissue. PLATE 13.
FIOS. 14 and 15. Low and high magnifications of an artery in the lung of Rabbit E. This animal had been inoculated with the filtrate of the organs of a first generation rabbit. The distinct periarterial nodular formation is prominent. The nodules are composed especially of lymphoid and plasma cells, with a few eosinophils and polymorphonuclear neutrophils. The involvement of the media by this process can be seen in Fig. 15 . PLATE 14.
Fios. 16 and 17. Low and high magnifications of another artery in the lung of
